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摘     要 
氢酶广泛存在于原核生物和一些简单的真核生物中，它催化
分子氢的形成以及氢的氧化：H2 ↔ 2H+＋2e-。光合细菌 Chromatium 
vinosum DSM185 含有一种可溶性氢酶(SH)。它由五个亚基(HoxH, 
HoxF, HoxY, HoxU 和 HoxE)组成：HoxH（β亚基）含有由 Ni、Fe
原子组成的活性中心，HoxF(α 亚基)含有 FMN、两个[Fe-S]簇以





C.vinosum 可溶性氢酶基因 hoxEFUYH 之间连接紧密，还有基因重
叠现象，而且与桃红荚硫菌（Thiocapsa roseopersicina）的 Hox
氢酶之间有较高的同源性。推测 C.vinosum 可溶性氢酶可能与 T. 
roseopersicina 可溶性氢酶同属于双向氢酶。 
选择蓝细菌 Synechococcus sp. PCC 7942 作为可溶性氢酶基
因表达的受体系统，构建了可诱导定位表达外源基因的同源重组
质粒 pQSHy 和 pBDHy。以 Synechococcus sp. PCC 7942 的双向氢
酶基因 hoxYH 为整合靶位，PCR 扩增并克隆出其中的两段约 500 bp
片段作为同源整合序列，然后在其间插入外源供体 DNA 片断。质
粒 pBDHy 中携带 C.vinosum 可溶性氢酶基因 hoxYH，在蓝细菌中能
进行可调控表达；质粒 pQSHy 中插入了绿色荧光蛋白 egfp 基因,
构建了蓝细菌 Synechococcus sp. PCC 7942 双向氢酶结构基因缺
失的突变体做为试验对照。pQSHy 和 pBDHy 含有质粒 pD4 来源的蓝














O-P（2 价金属阳离子诱导），蓝细菌 Thermosynechococcus 











































, have been found in many microorganisms. The 
photosynthetic bacterium Chromatium vinosum DSM185 contained 
a soluble hydrogenase(SH).The SH consists of five subunits. 
HoxH(βsubunit) is a NiFe-containing subunit. HoxE is likely 
involved in electron transfer. HoxF(αsubunit) contains FMN , 
two [Fe-S] clusters, and the likely active site for NADH 
reduction. Both HoxY(δsubunit)and HoxU （γsubunit）contain 
[Fe-S] clusters. The sequence and structure analysis results 
suggest that the SH from C.vinosum have a similar function to 
the bidirectional hydrogenases from cyanobacterium. 
According to the reserved sequence of hydrogenases, primers 
are designed and applied for PCR. The gene cluster(hoxEFUYH) 
coding for soluble hydrogenase of C.vinosum have been cloned 
and sequenced. It showed a high similarity in both sequence and 
gene arrangement with the hydrogenase from Thiocapsa 
roseopersicina. 
In order to express hydrogenase in the cyanobacterium 
Synechococcus sp. PCC 7942，homologous integrating vectors 
pQSHy and pBDHy carrying homologous recombination fragment and 
donor DNA fragment, have been constructed．Two DNA fragments 
(500 bp) encoding partial hoxYH gene of Synechococcus sp. PCC 
7942 were cloned and used as the homologous recombination arms. 
Both plasmid pQSHy and pBDHy contain the common elements 














promoter(smt O-P), PsaF signal sequence(pfs)，target gene，
rbcS polyA terminator and reporter gene(nptⅡgene, Kamr). A 
hydrogenase deletion mutant was built by transfering pQSHy into 
receptor cells of Synechococcus sp. PCC 7942 via natural 
transformation. The hydrogenase gene (hoxYH) from C.vinosum 
was cloned into pBDHy and successfully transferred into the 
genomic of Synechococcus sp. PCC 7942. Further analysis on the 
transgenic cyanobacteria strain is undertaking. 
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包括 Desulfovibrio gigas[9]、Desulfovibrio fructosovorans[10]、
Desulfovibrio vulgaris[11] 、Desulfovibrio desulfuricans[12]
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 4
分子共包含有 12 个 Fe 原子，1 个 Ni 原子和 12 个酸不稳定硫化
物。其中 1 个 Fe 原子和 1 个 Ni 原子构成了 NiFe-活性中心，另
外11个Fe原子构成了[Fe-S]簇，即1个[3Fe-4S]簇和2个[4Fe-4S]







图 1 D.gigas NiFe-氢酶结构模式图 
Fig.1 Ribbons model of NiFe-hydrogenase from D.gigas 
 
在大亚基 C端的 His 附近可以检测到一个很大的电子密度峰。
依据对金属成分的 ICP 分析以及异常的 x-衍射数据，这个密度峰
在 D.gigas 氢酶中被认为是 Mg，在 Dm.baculatum 中是 Fe[13]。而
在 D.vulgaris 中，依据电子密度峰的大小和形状，认为在大亚基
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